Results
Several screening tools are available to assess patients' print literacy and numeracy skills, some specifically addressing diabetes. Literacy and numeracy are consistently associated with diabetes-related knowledge. Some studies suggest literacy and numeracy are associated with intermediate outcomes, including self-efficacy, communication, and self-care (including adherence), but the relationship between literacy and glycemic control is mixed. Few studies have assessed more distal health outcomes, including diabetes-related complications, health care utilization, safety, or quality of life, but available studies suggest low literacy may be associated with increased risk of complications, including hypoglycemia. Several interventions appear to be effective in improving diabetes-related outcomes regardless of literacy status, D iabetes is the seventh leading cause of death in the United States and is one of the most common chronic diseases, affecting 8.3% of the US population. 1 Patients with diabetes are at risk for a range of adverse health outcomes, including heart attacks, strokes, amputations, blindness, and end-stage renal disease. Although longer duration of diabetes, poor control of intermediate risk factors (eg, blood pressure, cholesterol levels, glycemic control), and genetic susceptibility are clearly associated with increased risk of adverse outcomes in patients with diabetes, nonclinical factors such as patients' socioeconomic and psychosocial characteristics play a key role in determining risk. [2] [3] [4] In particular, health literacy, or "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions," has been theorized to be one important, nonclinical factor that may decrease the risk of adverse outcomes in diabetes. 5, 6 Inadequate health literacy is common in the United States; according to the National Assessment of Adult Literacy, more than one-third of US adults have basic or below basic health literacy and would have difficulty managing common health-related tasks. 6 Limited health literacy poses a significant economic burden to our society, with national estimates indicating that low health literacy costs the US health care system from $106 to $238 billion each year. 7 Accordingly, health literacy is a national priority; Healthy People 2020 goals have called for significant improvements in health literacy to advance the health of the population. 8 Conceptually, adequate health literacy in the context of diabetes includes a constellation of skills that are critical to patients for managing their condition and navigating the health care environment. These include cultural and conceptual knowledge, aural and oral literacy (ie, listening and speaking), print literacy (ie, writing and reading), and numeracy (ie, the ability to understand and use numbers). Health literacy skills specific to diabetes include reading labels on pill bottles, following written or verbal directions, and comprehending appointment information, educational brochures, and informed consent documents. 9 Numeracy 10 is fundamental to diabetes self-management in understanding medication dosing, health insurance information, test results, and insulin requirements and in interpreting food labels. To date, however, no single measure of health literacy in diabetes has adequately captured the full range of skills described above.
Although adequate health literacy is important for optimal diabetes self-management, many questions, both practical and theoretical, remain about how to best measure health literacy: whether to measure literacy as a part of routine care, which outcomes are associated with health literacy, the mechanisms by which inadequate health literacy affects diabetes outcomes, and how interventions designed to support patients with limited health literacy might enhance patient outcomes. The purpose of this article is to critically review the existing literature on the association between health literacy and outcomes among patients with diabetes and make recommendations for future research to help move the field forward in the coming years.
Methods
In an effort to bring together the broadest knowledge from a variety of study designs and methodologies, a modified narrative synthesis approach was used. 11 A narrative synthesis is an attempt to systematize the process of analysis when a meta-analysis or a systematic review may not be the most appropriate approach because of the diversity of methodologies used in the studies reviewed. The first step of this process was to search PubMed to identify English-language journal articles using the keywords "diabetes" AND ("health literacy" OR "numeracy") for the period of January 2009 through December 2012. Only articles describing research conducted in the United States were included. Published systematic reviews were relied on to capture findings that appeared in the published literature before 2009. 12, 13 Next, studies were selected that addressed 3 key domains: (1) tools to identify inadequate health literacy and numeracy among patients with diabetes, (2) the relationship between health literacy or numeracy and a range of diabetes-related outcomes, and (3) interventions to reduce health literacyrelated differences in diabetes-related health outcomes and/or to promote positive outcomes among all patients with diabetes regardless of literacy/numeracy skills. Relevant information was extracted from each of the studies and included in a table. This information was reviewed and synthesized to produce a textual summary of study findings for each of the domains.
To guide this work, a theoretical framework was developed, shown in Figure 1 , which is based on the literature. The figure shows several demographic factors that have been shown to be associated with health literacy. Health literacy itself is conceptualized as having several subdomains and is presumed to be associated with several social cognitive constructs, for example, self-efficacy. In turn, these constructs are linked to a number of self-care domains for diabetes. Self-care domains are linked to a range of intermediate and more distal diabetes-related health outcomes, including quality of life. Health system attributes and provider communication skills are theorized to modify the literacy-social cognitive (and self-care) relationships. This framework was used to guide the evaluation of the literature and recommendations for future work.
Results
The literature search returned a total of 79 articles, which were categorized into the 3 domains and summarized below. Figure 1 . A framework illustrating sociodemographic determinants of health literacy and health literacy's association with diabetes mechanisms and outcomes. SMBG, self-monitoring of blood glucose; BMI, body mass index. Factors are color coded to indicate whether there are sufficient, few, or unstudied associations between health literacy and diabetes mechanisms/outcomes in the health literacy literature to date.
Diabetes and Health Literacy Measures
[+]
Denotes evidence of an association between health literacy and a mechanism/outcome; [-] denotes evidence of no association between health literacy and a mechanism/outcome; [±] denotes mixed evidence of an association between health literacy and a mechanism/outcome.
[STOFHLA], Rapid Estimate of Adult Learning in Medicine [REALM], Newest Vital Sign, Brief Health Literacy Screen, Subjective Numeracy Scale), and diabetes-specific measures of print literacy and numeracy (Literacy Assessment for Diabetes and Diabetes Numeracy Test).
14,15 Table 1 summarizes psychometric findings, including the internal consistency reliability, construct validity, and predictive validity of measures used in recent studies. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] In general, these studies have confirmed that measures have excellent internal consistency reliability and convergent validity, with strong associations between health literacy measures and patient characteristics, including educational attainment, income, and other measures of health literacy/numeracy. Many recent studies have focused on developing shorter versions of existing measures or adapting measures for use in new patient populations (eg, Spanish speakers, Americans Indians, adolescents). 17, 18, 22, 25, 26, 28, 30 Most health literacy/numeracy measures that have been developed for or used with diabetes patients assess a narrow definition of the health literacy constructs, largely focusing on print literacy and computational numerical skills. Existing measures have not accounted for other elements of literacy/numeracy skills, including oral and aural literacy, understanding of and ability to apply information, the role of cultural and conceptual knowledge, and a wide range of numerical abilities, including "gist" numerical knowledge, which is a global, inexact interpretation of numerical information influenced by a person's background and experiences, among other factors. 5, [34] [35] [36] For example, current measures of health literacy have not adequately addressed how patients interpret oral or multimedia instructions or educational material and apply this information to real-world situations.
Numeracy is of particular importance in patients with diabetes, given that many self-care skills, including medication management, interpretation of glucose meter readings, adjustment of insulin, and dietary assessment, rely on numerical skills. 37 Recent studies have demonstrated that numeracy is important in diabetes and that diabetes-related numeracy can be validly assessed. 14, 16, 38 Moreover, although current numeracy assessments have focused largely on mathematical skills, many patients make decisions based on their "gist" of numerical information. 34 Thus, a more robust assessment of how different aspects of health literacy and numeracy affect patients' decision making would better elucidate how to address health literacy/numeracy barriers to self-care in future behavioral diabetes interventions.
Recent measurement studies have relied on crosssectional designs to assess the validity of health literacy measures among patients with diabetes. 17, 22, 23, 25, 28 As a result, there is limited evidence of the test-retest reliability of these instruments (ie, measurement stability over time) as well as their predictive validity for future diabetes self-care behaviors and glycemic control. Prospective studies are needed to answer these and other measurementrelated questions.
In summary, significant advances have been made in the development and validation of health literacy/numeracy measures in diabetes. Although some research suggests diabetes-specific measures may be of greater value than general measures for this population, 38 more robust studies are needed to fully assess the reliability and validity of both general and diabetes-specific measures. In addition, instruments need to be broadened to include a more comprehensive array of health literacy/numeracy skills, such as oral literacy and gist numerical knowledge. Future scales will also need to be validated and adapted for additional populations, including children with diabetes and their parents and populations that primarily speak languages other than English and Spanish. Finally, the inclusion of health literacy/numeracy measures in prospective studies will allow for more robust evaluation of the psychometric properties and predictive validity of these instruments.
Association Between Health Literacy, Numeracy, and Diabetes Outcomes
Research on the relationship between health literacy and diabetes-related outcomes is presented in Table  2a , 10, 18, 24, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] which includes 20 recent studies that examine the association between health literacy and diabetesrelated outcomes, and Table 2b , 10, 38, 55, 56 which includes 5 recent studies that examine the relationship between numeracy and diabetes-related outcomes. Below is a summary of the literature on the association between health literacy, numeracy, and select diabetes outcomes.
Prevalence of diabetes
One older study involving more than 2500 community dwelling elders 57 found that limited health literacy (measured using the REALM) was independently associated with a greater prevalence of diabetes, increasing the odds by 48%. 
Knowledge
A number of studies have explored the relationship between health literacy and diabetes-related knowledge. 18, 24, 40, 44, 47, [58] [59] [60] [61] [62] They have consistently found higher health literacy to be associated with greater diabetesspecific knowledge. One recent study 41 did not find an association between health literacy and knowledge, perhaps because of overadjustment for related variables.
Comprehension/communication
Several studies have explored the relationship between health literacy and domains of patient-clinician communication. 42, 45, 50, 51, 63, 64 One older study, involving more than 400 public hospital patients with type 2 diabetes, found that patients with limited health literacy, measured with the STOFHLA, were more likely to report worse provider communication in the domains of general clarity, explanation of condition, and explanation of processes of care. 63 These results suggest that limited health literacy may be a marker for oral communication problems, particularly in the technical, explanatory domains of clinician-patient dialogue. A substudy that used direct observation methods also determined that diabetes patients with limited health literacy had low rates of comprehension of medical terminology used in their visits. 64 A large national study involving more than 800 patients from 4 public hospitals found that patients with limited health literacy (measured using the 3-item literacy measure developed by Chew et al 19 ) were more likely than those with adequate health literacy to report both that their diabetes would be better controlled if they had better communication with their health care provider and that they desired self-management support. 50 One study found patients with lower health literacy to be less likely to use online patient portals for communicating with health systems, even though they had computer access and had registered with the portal 51 ; other studies found no consistent association between health literacy and engagement with patient portals and health information technology. 42, 45 One additional study linked limited health literacy with preferential use of phone support over health information technology. 50 These studies differed greatly, however, in terms of the study samples and research methodologies used. It is likely that the 2 studies with inconsistent findings were limited by a small sample size (N = 59) 45 and a small percentage of study participants with limited literacy skills (5.9%). 42 In contrast, the study by Sarkar and colleagues 51 among 14 102 patients (62% with some limitation in literacy skills) found significant differences in patient portal use by literacy skills, even after controlling for relevant covariates.
Trust and participation in decision making
A study in a public university clinic setting found no associations between health literacy, measured with the REALM, and patients' reports of trust or facilitation of patient involvement, although this study did find that patients with lower health literacy reported less desire to participate in decision making. 61 
Self-efficacy
Some early studies failed to find a relationship between health literacy and diabetes self-efficacy, although in one study, the relationship approached significance (P = .08). 61, 65 However, a recent study showed a positive association between health literacy and self-efficacy. 10 This study used a different measure of diabetes-related selfefficacy than previous studies, included patients with type 1 diabetes, and had a larger sample size than the study by Dewalt et al, which may partially explain the variation in findings. 10 
Self-care
Some recent studies have shown an association between health literacy and self-care behavior. 38, 40, 53, 66 In contrast, other recent studies failed to detect a health literacy-self-care linkage. 40, 46, 66 These studies varied greatly in terms of study sample demographics, methodologies, and analyses conducted, limiting the ability to synthesize findings across studies. Similarly, a broad range of self-care behaviors was examined (diet, exercise, foot care, blood glucose testing, etc), with some showing a significant association with literacy and/or numeracy skills and others not reaching significance.
Medication adherence
Several studies have evaluated the relationship between health literacy and adherence to medications. Two studies evaluated early stages of adherence: Karter and colleagues 43 found a linkage between health literacy and whether patients initiated newly prescribed insulin. Bauer et al 39 reported that, among diabetes patients with newly prescribed antidepressants, limited health literacy was associated with larger gaps in pill supply and inadequate use of antidepressant therapy.
The studies regarding adherence to ongoing medications (also called secondary adherence) were less conclusive. Bains and Egede 24 found that patients with low health literacy, defined as a grade 6 reading level or lower according to the REALM-R, 67 did not exhibit any differences in medication adherence in comparison to patients with adequate literacy skills. However, Osborn et al 68 reported that low health literacy, as measured by the REALM, partially explained observed racial differences in diabetes medication adherence between African American and white adults.
Glycemic control
Several older studies examined the relationship between health literacy and the most diabetes-specific intermediate outcome, hemoglobin A1C. The aforementioned study in a public hospital setting involving 408 diverse, low-income patients 9 found that limited health literacy, as measured by the STOFHLA in English and Spanish, was independently associated with a 2-fold greater odds of very poor glycemic control (>9.5%). A smaller study from an academic clinic in the US South found that patients with limited health literacy, measured with the REALM, had greater than a 1% higher absolute difference in A1C compared with those with greater than high school literacy. 58 In contrast, 2 studies from university clinic settings found no association between health literacy and A1C. 61, 62 In addition, a large study conducted in a communitybased sample from Vermont found no relationship between health literacy and glycemic control; of note, the sample had excellent glycemic control overall (median A1C = 6.9%), 97% of participants were white, and fewer than 20% had less than adequate health literacy on the STOFHLA. 48 The relationship between literacy and glycemic control continues to be mixed in recent studies. 38, 40, 44, 55, 56 Using a measure of health literacy that incorporated print literacy and numeracy, Brega and colleagues 40 found a positive relationship among American Indians and Alaska Natives. However, other investigators did not find such relationships in other populations. 38, 44 Recent studies have found a linkage between the numeracy component of health literacy and glycemic control. 38, 55 Numeracy skills also seemed to explain much of the racial disparity in glycemic control in the latter study. 56 
Diabetes complications
Three studies examined whether limited health literacy is associated with diabetes complications. The aforementioned study involved 408 diverse, low-income patients from a hospital setting 9 and found that limited health literacy was associated with 2-fold greater odds of patients reporting micro-and macrovascular complications of diabetes, such as retinopathy and cerebrovascular disease. Another study found that patients with diabetes and limited health literacy (measured using the STOFHLA) had 50% greater odds of having coexisting heart failure. 69 In contrast, Morris and colleagues 48 did not find statistically significant relationships between health literacy and several diabetes-related complications, including retinopathy, nephropathy, gastroparesis, and cardiovascular disease. In some cases (eg, retinopathy, gastroparesis), the point estimates suggested a relationship (odds ratios near 2.0), but the small numbers of patients with low health literacy reduced the power to detect statistically significant results. 48 Health care utilization/costs/safety/mortality We are unaware of any studies that have examined the relationship between health literacy and diabetes-related health care utilization or costs. In the only study regarding safety, limited health literacy was associated with a higher risk of hypoglycemia in insulin-treated patients with diabetes. 52 Finally, no studies have examined the relationship between health literacy and mortality among patients with diabetes specifically.
Association Between Health Literacy and Diabetes: Future Research Directions
This review identified a relatively extensive body of literature examining the relationship between health literacy and a range of diabetes-related health outcomes. These studies have generally identified positive relationships between health literacy and diabetes-related knowledge. 18, 24, 40, 44, 47, [58] [59] [60] [61] [62] They have reached mixed conclusions as to whether low health literacy is associated with having less self-efficacy 10, 61, 65 ; similarly, the relationship between low health literacy and suboptimal self-care behavior and glycemic control is mixed* and appears to vary by the clinical context and the makeup of the patient population. Numeracy has been associated with glycemic control in a small number of studies 38, 56, 65 but not others. 40 Few studies have examined more distal diabetes health outcomes, including complications, utilization, or quality of life, although 2 studies had findings demonstrating higher rates of complications 9,69 and 1 study identified limited health literacy as a patient safety risk. 51 Recent studies have also better examined the pathways that may link health literacy and diabetes-related outcomes using exploratory and confirmatory causal techniques, such as structural equation modeling and marginal structural models. 10, 18, 40, 49, 66 Although this work has yet to fully elucidate the mechanisms linking health literacy to diabetes outcomes, studies have highlighted the important role that specific constructs may play in mediating the relationship between health literacy and diabetes outcomes. For instance, Brega et al 40 showed that the relationship between health literacy and glycemic control was mediated by diabetes knowledge. Osborn and colleagues 10 found that the numeracy-glycemic control relationship was mediated by self-efficacy.
One important and unresolved methodological issue in health literacy research (and a potential source of variation in results across studies) is the optimal strategy for adjusting for potential confounders. Ideally, studies will adjust for variables that are truly confounders, to avoid distorting the estimate of the effect of health literacy on the health outcome. However, it is important to recognize that adjustment for related variables, such as education, that can be part of the causal pathway between low health literacy and adverse health outcomes may lead to overadjustment and produce false-negative results (ie, may suggest no relationship when a true relationship actually exists). 71 The ordering of these causal pathways (eg, education before health literacy vs health literacy before education) strongly depends on how one conceptualizes health literacy (eg, whether it reflects innate cognitive aptitude vs learned functioning). Given the complexities of these causal webs, when planning the analytic strategy, it is recommended that researchers explicitly define the concept of health literacy and formalize the many potential causal linkages via techniques such as directed acyclic graphs (a diagram illustrating connectivity in conjunction with causality), 72 with special attention and sensitivity analyses to evaluate the closely linked socioeconomic factors that may mediate, confound, or modify the health literacy-health effect.
Looking to the future of research regarding associations between health literacy and diabetes-related outcomes, several priority areas can be identified. Foremost, additional, large longitudinal cohort studies are needed that measure health literacy, other key predictive constructs such as provider communication skills, and a range of diabetes-related outcomes, including clinical events, safety, and quality of life. Ideally, such studies would incorporate not only measures of reading ability but also those that examine quantitative skills (numeracy) and even domains such as the ability to communicate verbally (oral and aural literacy) and through writing (including e-mail and text messages). Because of the considerable potential measurement burden in studies of associations between health literacy and diabetes outcomes, more studies (both longitudinal and crosssectional) are also needed to examine how measures of these different health literacy domains relate to one another. It is currently unknown whether health literacy skills cluster together within individuals; it is also unknown if there are different thresholds at which literacy skills result in better or worse diabetes outcomes. It is also important to understand whether contextual factors, such as the type of health care delivery and financing system, may also influence outcomes and whether limited health literacy is more strongly associated with health outcomes among certain ethnic minority subgroups.
Recent studies identified in this review have included a wider range of populations, including Latinos, Asian, Pacific Islanders, and American Indians/Alaska Natives. 40, 41 It is important that future studies also examine diverse populations, particularly those with high risks of diabetes and diabetes-related complications. For those for whom English is a second language, measuring health literacy in both their primary and secondary languages and examining how these different measures affect health literacy outcomes associations would also be helpful and could help target potential interventions for testing and implementation.
Exploring the real-world implications of extant research findings is an important next step. Many of the studies on health literacy and numeracy have been conducted in the context of research. However, important work is needed to explore whether and how to practically assess health literacy and numeracy in usual care settings and how these measures would be implemented to guide approaches to care delivery. Table 3 73-85 summarizes 13 papers describing 11 unique interventions, including 6 randomized controlled trials and 5 studies that implemented pre-post designs to improve outcomes in diabetes. Studies typically involved 1 of 4 types of intervention: (1) patient education, (2) self-management support, (3) disease management, and (4) feedback of health literacy screening results to providers. Outcomes examined include diabetes knowledge, self-efficacy, self-care behavior, and glycemic control.
Interventions to Improve Diabetes Outcomes

Education-based strategies
Five studies have targeted patient education as a means of improving diabetes outcomes. 73, 75, [77] [78] [79] Using a computerized diabetes education program, Kandula and colleagues 77,78 demonstrated significant improvement in Unadjusted analyses: MDEP resulted in immediate improvement in knowledge (P < .001). Knowledge declined significantly over the following 2 wk (P < .001) but remained significantly higher than baseline (P < .001). This pattern held true for those with adequate and marginal/inadequate (M/I) HL. Although those with adequate HL scored better at each time point than did those with M/I HL (P's < .001), pre-post knowledge gain and knowledge decline from posttest to 2-wk follow-up did not differ by HL level. Experiment 2 Unadjusted analyses: Knowledge improved significantly from pre-to posttest (P < .001) and posttest to post-teach-back (P < .001), significantly declining from post-teach-back to 2-wk follow-up (P < .001). Knowledge at 2 wk remained significantly higher than pretest (P < .001). This pattern held true in both HL groups. Those with adequate HL scored significantly better than did those with M/I HL at each time point (P < .01). Those with M/I HL showed greater decline from post-teach-back to 2-wk follow-up than did those with adequate HL (P < .001). Overall knowledge gain did not differ by HL group. Combined samples: Controlling for age, education, gender, diabetes, and baseline knowledge, teach-back did not result in improved knowledge (β = -.5). There was no difference between the HL groups in knowledge retention once education was controlled. from baseline to 12 mo (P = .001) and were more likely to attain their goal A1C of ≤7.0% (P = .05). When stratified by HL group, only participants with low HL showed significant improvement in A1C (P < .001) and were more likely to attain goal A1C levels (P = .02).
Intervention participants showed significant improvement in SBP over time, in comparison with controls (P = .006). The intervention effect did not differ by HL group. As part of a randomized controlled trial, Gerber et al. 75 also implemented a computerized educational intervention. Investigators found no improvement in knowledge, self-efficacy, use of recommended medical services, or clinical outcomes, although intervention participants with limited health literacy did experience a significant increase in perceived susceptibility to diabetes complications. Exploratory analyses of patients with poor glycemic control showed a statistically significant impact of the intervention on A1C for participants with lower literacy skills but not for participants with higher health literacy skills.
Rothman et al,
Using a pre-post design, Kim et al. 79 examined whether health literacy status modified the impact of diabetes education classes on self-care and risk factor control. Participants with adequate and limited health literacy showed significant pre-post improvement in knowledge, self-care, and A1C. Improvements in A1C were similar for those with adequate and limited health literacy.
As part of a randomized controlled trial, Cavanaugh et al. 73 compared an enhanced, health literacy-sensitive 3-month educational program versus a standard disease management program. Intervention patients showed a greater improvement in A1C at 3 months that was statistically significant. However, these differences did not persist at 6 months. In addition, there was no difference in effect between those with adequate versus limited health literacy.
Self-management support
Five studies have described interventions designed to improve diabetes self-management, and the effect size was contrasted in those with versus without health literacy limitations. 74, 76, 82, 83, 85 The effect of patient education combined with one-on-one counseling to encourage patient goal setting and action planning 74, 85 showed improvement in knowledge, self-efficacy, activation, distress, and selfcare, but the benefits did not differ by health literacy. 85 Similarly, 2 randomized controlled trials found that employing technology to enhance diabetes self-management was effective in improving eating habits, fat intake, physical activity, and distress but showed no difference by patient health literacy levels. 76, 82, 83 Schillinger et al 82, 83 tested 2 self-management support interventions:
(1) automated telephone self-management (ATSM) and (2) group medical visits (GMVs) compared with usual care. Both interventions showed improvements in patient experience of chronic illness care, self-efficacy, and selfcare but not for clinical outcomes. Compared with the GMV group, the ATSM condition showed greater improvement in self-care, days restricted to bed, and mental health quality of life, 83 in addition to being associated with higher levels of patient engagement, especially among low-literate patients. 82 Hill-Briggs et al 86 found that an intensive diabetes self-management training adapted for patients with low health literacy led to significantly greater change in A1C (-0.72%) than a condensed program, but whether this program had differential effects by literacy status was not assessed.
Disease management
Two studies conducted by Rothman et al tested an intensive diabetes disease management intervention led by clinical pharmacists. 80, 81 In a randomized controlled trial, intervention participants received one-on-one education, evidence-based management of blood pressure and glucose-lowering medications, and assistance from a diabetes care coordinator to address patient barriers. 80 At 12 months, intervention participants showed clinically and statistically significant greater improvement in measures of glycemic control and systolic blood pressure compared with usual care controls. Significant improvement in glycemic control was seen only for participants with limited health literacy. In a similar study, conducted using a pre-post design, both participants with limited and adequate health literacy showed significant improvement in A1C. 81 
Feedback of health literacy screening
One randomized controlled trial examined the impact of notifying doctors of their diabetes patients' health literacy limitations. 84 When notified that a patient had limited health literacy skills, physicians were significantly more likely to use 3 or more recommended communication strategies. However, providers notified of their patients' health literacy status felt less satisfied with visits and, for 36% of visits, did not think the notification was valuable. Those in the screening notification group did not have better glycemic control than those in the control group. The purpose of this study is to determine if patient education and problem-solving training, delivered in self-study, group, and individual intervention modalities, will produce substantial improvements in cardiovascular disease (CVD) risk profile via improved self-management in urban African Americans with type 2 diabetes and a high CVD risk profile.
Of note, there are currently a fair number of intervention studies that have been recently completed or that are currently being completed that evaluate the role of health literacy-focused interventions for patients with diabetes. Several of these studies are highlighted in Table 4 . Many of these studies have developed health literacy-sensitive interventions that attempt to provide accommodations for patients with lower health literacy and assess health literacy at enrollment to try to ascertain the role of health literacy as an effect modifier or mediator of the intervention.
The results of these studies will provide important additional information about the value of measuring and intervening on health literacy among patients with diabetes.
Conclusions
This review has identified many new studies relevant to understanding the role of health literacy in diabetes. The growing body of research in this field, however, continues to provide mixed results, making it challenging to summarize, with confidence, our current understanding of how health literacy and diabetes outcomes are related, how best to detect limited health literacy skills, and what interventions to employ to reduce literacyrelated health inequities.
In terms of measurement, several effective ways exist to identify limited health literacy and numeracy skills. However, there is no single best measure; available tools require tradeoffs between accuracy and feasibility. The research on associations between health literacy or numeracy and a range of outcomes in patients with diabetes is extensive. For the most part, studies have found strong associations between health literacy or numeracy and diabetes-related knowledge. 18, 24, 40, 44, 47, 49, [58] [59] [60] [61] [62] However, the relationships with other intermediate outcomes, including communication, self-efficacy, adherence, and glycemic control, have been mixed. Some studies have found associations between limited health literacy and adverse outcomes or markers for adverse outcomes, † whereas others have not. 24, 42, 45, 61, 62, 65 In some cases, absence of a statistically significant relationship may be attributed to small sample sizes/low power. In other cases, it may reflect overadjustment for potential confounders, particularly educational status, which may be colinear with health literacy.
Few studies have rigorously examined more distal outcomes among patients with diabetes, including diabetesrelated complications or health-related quality of life, and those that have done so have had variable conclusions. 9, 48, 69 Again, limited power and overadjustment may explain some of these discrepancies. Of note, the finding by Sarkar and colleagues 52 that patients with low health literacy have an increased risk of hypoglycemia does suggest that providers should be cognizant of patients' health literacy levels when starting medications, particularly insulin, that have increased risk of hypoglycemia.
In terms of interventions, a range of interventions seems effective in improving diabetes outcomes, including ones focusing primarily on patient education, selfcare training, or reorganization of the care process (disease management). However, whether such interventions can reduce health literacy-related disparities in intermediate and clinical outcomes remains unclear. Some studies 80 suggest interventions may work better in patients with limited health literacy, whereas others have found no difference or even more improvement for those with adequate health literacy. Further research is required to understand how to best reduce health literacy-related differences in health outcomes, including interventions to ensure adequate health literacy through initial or remedial education, in addition to interventions to improve overall quality of care. Further, more research is needed to investigate the most effective strategies for enhancing both acquisition and retention of diabetes knowledge, as well as to examine different media and strategies for delivering interventions to patients.
Whether or not to screen for limited health literacy in patients with diabetes is a challenging question. On the basis of the trial conducted by Seligman and colleagues, 84 it does not appear that screening and feedback alone improves outcomes. However, that trial was relatively small and did not have sufficient power to examine rare but important outcomes such as differences in serious hypoglycemia. A larger trial that combines screening with a health literacy-sensitive intervention may be required to determine whether screening is warranted. On the other hand, some have suggested that screening is not a good use of resources and that, instead, providers should implement universal precautions and assume that every patient is at risk. [87] [88] [89] Whether such an approach is preferable will require further testing, as there is not current sufficient evidence to decide whether universal screening or universal precautions should be the preferred approach.
There are limitations to this review that should be noted. First, only English-language articles describing research conducted in the United States were included, and systematic reviews were relied on for studies published before 2009. It is therefore possible that some relevant studies may have been excluded from the synthesis. Second, a comprehensive, systematic review was not conducted of the selected literature. Instead, a narrative synthesis approach was used to broadly summarize findings from 3 key domains. This was necessary given the diverse methodologies used across studies. Despite these limitations, this review is a notable addition to the literature as it summarizes findings on (1) tools to identify inadequate health literacy and numeracy among patients with diabetes, (2) the relationship between health literacy or numeracy and a range of diabetesrelated outcomes, and (3) interventions to reduce health literacy-related differences in diabetes outcomes and promote positive health outcomes among patients with diabetes regardless of literacy/numeracy skills. Prior reviews have not addressed all 3 of these domains, have not been focused solely on diabetes, or have not included the most recently published research. [12] [13] [14] 90 Implications for Educators Diabetes educators should recognize that inadequate literacy is common and that diabetes care can be even more challenging for patients when they have limited print and numerical literacy skills. Clinicians and educators should ensure they provide easy-to-understand information and reduce unnecessary complexity when developing care plans with patients. Checking understanding by using "teach-back" can reduce the chance of misunderstanding and potentially prevent adverse effects. 91 
